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pCO2Abstract The diagnosis of pleural effusion is still difﬁcult. The presence of pleural effusion can be
conﬁrmed by radiological studies including simple chest radiography, ultrasonography, or com-
puted tomography. Identifying the causes of pleural effusions by pleural ﬂuid analysis is essential.
Aim of this work: The aim of this work is to assess the role of pleural ﬂuid pH and pCO2 in dif-
ferentiating the etiologies of pleural effusion and to study the correlation between pleural ﬂuid pH
and pCO2 and cellular content of the effusion.
Results: We conducted this study on 50 patients with pleural effusions of different causes. The
patients were classiﬁed into 5 groups according to the cause. For all the patients, measurement of
pleural pH, pCO2, pO2, HCO3, protein, LDH, glucose and WBC was done. We observed lowest pH
in complicated parapneumonic effusion (empyema) 6.80 ± 0.15 and highest pH was observed in
transudative effusion 7.47 ± 0.07. Tuberculous effusion has pH lower than pH of malignant effu-
sion 7.17 ± 0.017 and 7.39 ± 0.08, respectively. Post pleurodesis malignant effusion has pH lower
than pH of malignant effusion 7.28 ± 0.17 and 7.39 ± 0.08, respectively. There is a strong inverse
correlation between pH and pCO2, WBC, LDH and protein (r= 0.813 and p< 0.001),
(r= 0.796 and p, 0.001), (r= 0.829 and p, 0.001) and (r= .837 and p, 0.001), respectively.
While there is a weak correlation between pH and glucose of pleural ﬂuid (r= 0.249 and
p= 0.066). The highest increase of PNL numbers was in empyema (20169 ± 8094.8 cells/cc).
The highest increase of lymphocytes was in malignant effusions (4285.00 ± 2948.20 cells/cc) and
tuberculous effusion (3977.7 ± 3169 cells/cc).
ª 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of The Egyptian Society of Chest
Diseases and Tuberculosis. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
The diagnosis of pleural effusion is very difﬁcult, even though
the patients often complain of typical symptoms indicatingpleural diseases. Pleural effusion is characterized by the pleural
cavity ﬁlled with transudative or exudative pleural ﬂuids, and
it develops by various etiologies. The presence of pleural effu-
sion can be conﬁrmed by radiological studies including simple
chest radiography, ultrasonography, or computed tomogra-
phy. Identifying the causes of pleural effusions by pleural ﬂuid
analysis is essential for proper treatments [1].rculosis.
Table 1 Statistical analysis of age/years distribution in
studied groups.
Types of pleural eﬀusion Range Mean ± S.D
MIN Max
Transudative 37 70 52.30 ± 10.98
Empyema 19 70 37.70 ± 17.63
Tuberculous 18 50 31.80 ± 9.82
Malignant 40 80 53.40 ± 11.96
Postpleurodesis (malignant cause) 40 59 45.43 ±
Postpleurodesis (hepatic cause) 44 55 50.33 ± 5.69
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have at least one of the following:
Pleural ﬂuid protein/Serum protein > 0.5.
Pleural ﬂuid LDH/Serum LDH> 0.6.
Pleural ﬂuid LDH> 2/3 Serum LDH Upper Limit of
Normal.
It is noted that While Light’s Criteria are reported to be
highly sensitive for exudative effusions, their speciﬁcity is only
83%.
These criteria require simultaneous measurement of pleural
ﬂuid and serum protein and LDH. However, a meta analysis
of 1448 patients done by Heffner et al. [3] suggested that the
following pleural ﬂuid measurements alone might have
sensitivity and speciﬁcity comparable to Light’s criteria for
distinguishing transudates from exudates:
 Pleural ﬂuid LDH is more than 0.45 of the upper limit
normal serum values.
 Pleural ﬂuid cholesterol is more than 45 mg/dl.
 Pleural ﬂuid protein is more than 2.9 g/dl.
As regards transudative effusion, three basic mechanisms
lead to its formation:
1-. Systemic venous hypertension.
2-. Pulmonary venous hypertension, and
3-. Reduced plasma oncotic pressure.
Because the pleural surfaces are not affected, the protein
concentration and lactic dehydrogenase levels in the pleural
ﬂuid are low.
Also, white and red blood cell count are low and pleural
ﬂuid glucose and amylase levels are close to those in the
plasma Porcel and Vives [4].
Aim of the work
The aim of this work is to assess the role of pleural ﬂuid pH
and pCO2 in differentiating the etiologies of pleural effusion
and to study the correlation between pleural ﬂuid pH and
pCO2 and cellular content of the effusion.
Material and method
This study included 50 patients with pleural effusion; 28 males
and 22 females with age ranged from 18 to 80 years old. They
were chosen from those admitted to the chest units of Kasr El-
Eini University Hospitals, National center for researches of
chest diseases and allergy, and Abbasya chest hospital. For
the included patients the following was done: complete medical
history taking and physical examination.
Investigations done included:
1-. Chest radiograph for the presence and the amount of
effusion, mediastinal position, underlying lesions.
2-. Sputum examination for AFB if indicated.
3-. Laboratory investigations including CBC, ESR,
Tuberculin test, blood sugar, liver and kidney function
tests.4-. Thoracocentesis done: to evaluate the cause of the
effusion and to relieve dyspnea if present.
5-. Pleural ﬂuid analysis for:
- Biochemical analysis (LDH, Total protein, and glucose).
- pH and pCO2.
- Total WBCs and its differentiation.
- Bacteriologic examination.
- ADA.
- Cytology examination.Results
According to the etiological diagnosis of the pleural effusion
the patients were classiﬁed into 5 groups.
Group 1: 10 Patients with transudative effusion, 5 with
congestive heart failure, 3 with nephrotic syndrome and 2
with liver cirrhosis.
Group 2: 10 cases of empyema (complicating
parapneumonic effusion).
Group 3: 10 Cases with tuberculous effusion.
Group 4: 10 Cases with malignant effusion (8 with
malignant mesothelioma and 2 with adenocarcinoma).
Group 5: 10 Cases with post pleurodesis effusions (3 with
liver cirrhosis and 7 with malignant effusion).
Discussion
In the present study 56% were males and 44% were female
cases. the age range was from 18 to 80 years old with a mean
of 48.5 ± 18.6 years with a statistically signiﬁcant difference
as regards the age; the oldest age was in malignant effusion
(53.40 ± 11.96) and the youngest age was in tuberculous effu-
sion (31.80 ± 9.82) (Table 1).
In this study, we collected pleural ﬂuid in heparinized syr-
inges and examined immediately by blood gas analyzer to mea-
sure pH, pCO2, pO2, and HCO3. There is no need for ice as
they are measured immediately, while Tarn and Lapworth
[5], reported that pleural ﬂuid samples should be handled as
carefully as arterial samples for gas analysis, with ﬂuid col-
lected in heparinized syringes and ideally transported on ice
for measurement within 6 h. However, they have shown that
when collected in heparinized syringes, pleural ﬂuid pH does
not change signiﬁcantly even at room temperature over several
hours.
Light [6] reported that WBC count is obtained manually
with heparinized samples or with EDTA because WBC is
lower in plastic or glass tubes. Automated cell counter did
Diagnostic signiﬁcance of pleural ﬂuid pH and pCO2 879not show signiﬁcant difference with counting manually in total
WBC count but not with differential cell count.
In the present study, as shown in Table 2, pH showed sta-
tistically signiﬁcant variance between studied groups. The low-
est was observed in complicated parapneumonic effusion
(empyema) (6.80 ± 0.15) with a high signiﬁcant difference
between pH of empyema and pH of other groups p< 0.001.
The highest pH was observed in transudative effusion
(7.47 ± 0.07) with a high signiﬁcant difference between pH
of transudative effusion and that of empyema, tuberculous
effusion and post pleurodesis effusion of malignant cause
p< 0.001.
In transudative effusion, the pleura is healthy with normal
cells so gas exchange can occur freely between blood and
pleural ﬂuid so pH of ﬂuid is near normal.
These results agree with the study done by Light [7] who
reported that pH level < 7.20 suggests that the patient has
one of the following: complicated parapneumonic effusion,
esophageal rupture, rheumatoid pleuritis tuberculous pleuritis,
haemothorax, systemic acidosis, paragonimiasis, lupus pleuritis
or urinothorax.
And the results of the present study agree with Segura [8],
when the pH falls to levels of 7.0–7.2, even though results in
bacteriological analysis are negative, the effusion is borderline
complicated and must be followed to detect its progression to
complicated (pH < 7.0 or positive gram stain or culture)
where chest tube drainage is indicated.
In addition, our results agree with Duygu et al. [9] who
reported that in complicated parapneumonic effusion, the
mean pH levels were 6.6 ± 0.3.
In the present study, pH of postpleurodesis pleural effusion
of malignant causes is 7.28 ± 0.17 which is lower than pH of
malignant effusion 7.39 ± 0.08 with no signiﬁcant difference
between two groups p> 0.05 (Table 2).
In case of post pleurodesis effusion it may be explained by
ﬁbrosis of pleura after pleurodesis which leads to decreased
surface area with a decrease of the cellular contents to get
rid of CO2 so pH decreases. But the explanation in case of
malignant effusion may be that the presence of healthy tissue
beside patchy inﬁltrated areas with malignancy which permits
freely gas exchange between blood and pleural ﬂuid throughTable 2 The pH values of pleural effusions and the statistical
comparison between different groups of pleural effusion.
Types of pl. eﬀusions Range Mean S.D
Min Max
Transudative 7.38 7.61 7.47d 0.07
Empyema 6.51 6.98 6.80a 0.15
Tuberculous 7.03 7.30 7.17b 0.07
Malignant 7.25 7.49 7.39cd 0.08
Postpleurodesis (malignant cause) 7.09 7.55 7.28bc 0.17
Post pleurodesis (hepatic cause) 7.45 7.52 7.48d 0.04
F-value 43.30
p-Value <0.001*
The same letter in two groups or more (which is written beside
numbers) means that there is no signiﬁcant difference between these
types of pl. effusions, if letters differ between groups means that
there is signiﬁcant difference between these groups of pl. effusions.
* There is a signiﬁcant difference between groups by using one
way ANOVA followed by Duncan t-test a p< 0.05.healthy areas of pleural membrane so pH of malignant pleural
ﬂuid is near normal.
Sahn and Cood [10]demonstrated that patients with pH
levels < 7.30 had a shorter survival time. The low ph in these
effusions is probably due to the end products of glycolysis in
the pleural space caused by extensive tumor deposits, signify-
ing a late stage of aggressive malignancy with a poor survival.
The results of this study agree with Johnson and Green [11],
who reported that the values for pH appeared to be more help-
ful in the diagnosis; pleural ﬂuid secondary to congestive heart
failure, cirrhosis and malignancies showed higher pH values
(7.29 and greater) and non-malignant inﬂammatory effusions
showed pH values of 7.28 or less.
In the present study, Tuberculous effusion has pH lower
than malignant effusion (7.17 ± 0.07) and (7.39 ± 0.08),
respectively with a highly signiﬁcant difference between two
groups p< 0.001 (Table 2).
In tuberculous effusion, the explanation is the presence of
diffuse inﬂammation of pleural membrane, which decreases
freely gas exchange between blood and pleural ﬂuid through
inﬂamed membrane so pH of tuberculous ﬂuid is less than nor-
mal as pleural ﬂuid CO2 cannot diffuse freely through it.
The results of the present study agree with Good et al. [12]
who stated that when the possibilities of tuberculous and
malignant effusion exist pH below 7.30 is highly suggestive
of TB while a pH greater than 7.40 is highly suggestive of
malignancy.
There is also a strong inverse correlation between pH and
pCO2 (r= 0.813 and p< 0.001) in pleural effusion (Table 7).
The results of the present study agree with Sahnand and
Antony [13]; the decrease in pleural ﬂuid pH results from accu-
mulation of the end products of glucose metabolism, namely
CO2 and lactic acid. Non- purulent, low pH pleural ﬂuid tends
to behave clinically like an empyema with pleural space
loculation.
In the present study, pH of pleural ﬂuid has a strong corre-
lation with pleural ﬂuid glucose (r= 0.549 and p= 0.046)
(Table 7).
The results of the present study agree with Byrd and Roy
[14] who concluded that pH and glucose are parallel to each
other in all pleural effusions and those pleural ﬂuid acidosis
results from lactate and CO2 reduction by the pleura and/or
pleural ﬂuid. Lactate appears to be the major end-product of
glucose metabolism in the pleural space and the larger contrib-
utor to pleural ﬂuid acidosis.
In the present study, there was a powerful, inverse, statisti-
cally highly signiﬁcant correlation between pH of the pleural
ﬂuid and total WBC’s number of pleural ﬂuid (r= 0.796
and p< 0.001) Table 7.
These results agree with Sahn [15]; the major factors reduc-
ing pleural pH are leukocytes and Bacteria. These both utilize
glucose to produce CO2 and lactic acid that accumulates in the
pleural space, reducing its pH.
Regarding pCO2 in studied groups, there was a statistically
signiﬁcant difference between groups as regards pleural effu-
sion levels of pCO2. The highest was in complicated parapneu-
monic effusions (empyema) (68.19 ± 4.28) with a highly
statistically signiﬁcant difference between empyema and
PCO2 of other groups p< 0.001 (Table 3) followed by tuber-
culous pleural effusion (56.40 ± 14.00) with a highly signiﬁ-
cant difference between pCO2 of tuberculous effusion and
that of other groups p< 0.001. It may also be explained by
Table 3 The pCO2 values of pleural effusions and the
statistical comparison between different groups of pleural
effusion.
Types of pleural eﬀusion Range Mean S.D
Min. Max.
Transudative 29.00 45.00 33.78ab 6.21
Empyema 60.00 75.00 68.19d 4.28
Tuberculous 33.00 70.00 56.40c 14.00
Malignant 30.00 55.00 39.37ab 8.02
Postpleurodesis (malignant cause) 33.00 57.10 42.98b 11.02
Postpleurodesis (hepatic cause) 29.00 31.20 30.10a 1.10
F-value 19.00
P-value >0.001*
Table 5 The HCO3 values of pleural effusions and the
statistical comparison between different groups of pleural
effusion.
Types of pleural eﬀusion Range Mean S.D
Min. Max.
Transudative 20.90 29.40 23.50b 2.50
Empyema 23.00 27.10 26.11c 1.30
Tuberculous 22.00 30.00 24.72bc 2.82
Malignant 19.80 25.00 23.05ab 1.56
Postpleurodesis (malignant cause) 18.90 22.40 20.8a 1.42
Postpleurodesis (hepatic cause) 19.30 23.60 21.0a 2.27
F-value 6.409
P-value <0.001*
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which decrease freely gas exchange between blood and pleural
ﬂuid through inﬂamed pleural membranes so pCO2 of tubercu-
lous pleural ﬂuid is more than normal.
The lowest pCO2 was in transudative effusion
(33.78 ± 6.21); as the pleural membrane is healthy it permits
gas exchange.
PCO2 of malignant effusion is lower than pCO2 of post
pleurodesis pleural effusion of malignant cause
(39.37 ± 8.02) and (42.98 ± 11.02), respectively with no sig-
niﬁcant difference between them p> 0.05 (Table 3).
In case of post pleurodesis effusion it may be explained by
ﬁbrosis of the pleura after pleurodesis which leads to decreased
surface area with a decrease of cellular contents to get rid of
CO2 and acids.
In case of malignant effusion; the presence of healthy tissue
beside patchy inﬁltrated areas with malignancy that permits
free gas exchange can explain this.
There was a statistically signiﬁcant difference between stud-
ied groups as regards pO2; the lowest pO2 was observed in post
pleurodesis pleural effusion of hepatic cause (70.40 ± 1.6) and
the highest in malignant effusion (96.10 ± 8.0) then in tuber-
culous effusion (91.18 ± 9.9), then complicated parapneu-
monic effusion (89.92±). PO2 of malignant effusion is higher
than pO2 of post pleurodesis pleural effusion of malignant
cause (96.10 ± 8.0) and (82.54 ± 6.8), respectively (Table 4).
There is a highly statistically signiﬁcant difference between
pO2 of transudative effusion and pO2 of malignant effusion
p< 0.001, while no signiﬁcant difference between pO2 of
tuberculous effusion and pO2 of malignant effusion p> 0.05
(Table 4).Table 4 The pO2 values of pleural effusions and the statistical
comparison between different groups.
Types of pleural eﬀusion Range Mean S.D
Min. Max.
Transudative 70.00 110.00 82.89ab 11.6
Empyema 80.00 98.00 89.92bc 6.8
Tuberculous 78.00 113.00 91.18bc 9.9
Malignant 81.00 110.00 96.10c 8.0
Postpleurodesis (malignant cause) 70.00 100.00 82.54ab 10.6
Postpleurodesis (hepatic cause) 69.00 72.10 70.40a 1.6
F-value 4.773
P-value <0.001*These results agree with Ayoub and Kerkeni [16] who
reported in their study variations according to the cause: 44
cases with tuberculous pleurisy have presented an acidic pH,
a high pCO2 and a low pO2 without variations according to
the evolution; 34 cancerous effusion were divided as follows:
recent pleurisies with alkaline pH, normal pO2 and pCO2; neo-
plastic pleurisies with developed degree with acid pH, low pO2
and high pCO2; 6 cases of cardiac pleurisies have presented a
very high pO2; some other etiologies have been explored
(bacterial, viral, cirrhotic, rheumatoid, pancreatic).
And agree with another study done by Limthongkul et al.
[17] who studied the relationships between pleural ﬂuid pH
and PO2 to pleural ﬂuid PO2, amylase, protein, glucose, white
cell count were examined in 110 cases of tuberculous and 140
cases of malignant pleural effusions.
The decreasing pleural ﬂuid pH and increasing pleural ﬂuid
PCO2 had a signiﬁcant linear relationship with decreasing ﬂuid
PO2, increasing pleural ﬂuid protein and decreasing ﬂuid glu-
cose. These indicated a leakage of serum protein into the pleu-
ral cavity and the over-utilization of glucose relative to the
transport defect of low pleural ﬂuid glucose concentrations
in the acidic ﬂuid of tuberculous and malignant effusions.
This study showed, in Table 5, that there was a statistically
signiﬁcant difference between the studied groups as regards
HCO3 in pleural effusion. The lowest value was in malignant
effusion (20.8 ± 1.42) and highest value was in empyema
(26.11 ± 1.30).
In the present study, total WBC’s count showed a statisti-
cally highly signiﬁcant difference between studied groups, theTable 6 The total WBC number · 1000/cmm values of pleural
effusions and the statistical comparison between different
groups of pleural effusion.
Types of pleural eﬀusion Range Mean S.D
Min. Max.
Transudative 0.30 0.25 0.08a 0.07
Empyema 15.00 32.00 24.80d 5.43
Tuberculous 1.10 12.00 4.16c 3.34
Malignant 1.20 15.00 6.40c 5.27
Postpleurodesis (malignant cause) 1.60 4.20 2.63bc 0.91
Postpleurodesis (hepatic cause) 0.03 0.08 0.05a 0.03
F-value 54.307
P-value <0.001*
Table 7 The PNL number/cmm values of pleural effusions
and the statistical comparison between different groups of
effusions.
Types of pleural eﬀusion Range Mean S.D
Min. Max.
Transudative 2.22 100 26.38a 33.19
Empyema 13,200 30,400 20169d 8094.8
Tuberculous 45 248 129.3a 81.03
Malignant 0.00 3750 1173.9c 1427.3
Postpleurodesis (malignant
cause)
0.00 1680 684.9b 563.9
Postpleurodesis (hepatic
cause)
3.00 18 12.3a 9.8
F-value 80.900
P-value <0.001*
Table 8 The lymphocyte number/cmm of pleural effusions
and the statistical comparison between them.
Types of pleural eﬀusion Range Mean S.D
Min. Max.
Transudative 22.5 150 48.31a 38.26
Empyema 630 2240 1084b 805
Tuberculous 1023 6930 3972.7c 3179
Malignant 1140 10,500 4285c 2948.2
Postpleurodesis (malignant
cause)
1122 2100 1713b 340.3
Postpleurodesis (hepatic cause) 27 64 49.3a 18.6
F-value 10.06
P-value <0.001*
This table shows that there was statistically signiﬁcant variance
between studied groups as regards lymphocyte count. The highest
value was in malignant effusion (4285.00 ± 2948.20 cells/cmm).
There is a signiﬁcant difference between the lymphocytes of
malignant effusions and lymphocytes of (transudative, empyema
and postpleurodesis) effusions p< 0.001.
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with a highly signiﬁcant difference between WBC number of
empyema and WBC number of other groups p< 0.001.
(Table 6) while the lowest value was in transudative effusion
(80 ± 70 cells/cmm).Table 9 Correlation between pleural ﬂuid pH, pCO2, WBCs and its
studied groups.
Total WBC’s PNL number
pH r 0.796** 0.807**
p <0.001** <0.001**
pCO2 r 0.696
** 0.659**
p <0.001** <0.001**
LDH r 0.902** 0.951**
p <0.001** <0.001**
Glucose r 0.269* 0.254
p 0.047* 0.061
Protein r 0.770** 0.711**
p <0.001** <0.001**In accordance with these results, Segura [8] reported that
once a pleural effusion is characterized as an exudate, the next
challenge is to identify its cause. Although differential leuko-
cyte count in it is of limited diagnostic value, it reﬂects the
stage of the inﬂammatory response and narrows the diagnostic
possibilities (see Tables 8 and 10).
These results are in agreement with Duygu et al. [9], who
reported that in complicated parapneumonic effusion
(empyema), the mean WBC count prior to treatment was
17.2 ± 2.8 · 103 cells/cmm.
And these results agree with Sallach et al. [18] who reported
that the transudative effusion with low WBC count
<500 cells/cmm, and Light [19]; who reported that transuda-
tive effusion with small count of WBC.
In the present work, Total WBC number of tuberculous
effusion was 4160 ± 3340 and total count in malignant effu-
sion was 6400 ± 5270. There were no statistical difference
between them p> 0.005 (Table 6).
However in a retrospective study done by Liam et al. [20] of
52 patients with tuberculous pleural effusions and 32 patients
with malignant effusions, the median age of patients with
malignant effusions (68.5 years) was older than that of patients
with tuberculous effusions (34.5 years) (p< 0.001). A higher
percentage of patients with malignant pleural effusions
(44%) presented with large effusions than patients with tuber-
culous effusions (12%) (x2 = 11.33, p= 0.001). A higher pro-
portion of patients with tuberculous effusion had lymphocyte
predominant effusions and tuberculous effusions had higher
lymphocyte percentage, lower red cell count, and higher
protein content.
In the present study there was statistically signiﬁcant vari-
ance between studied groups as regards PNL, the highest
was in empyema (20,169 ± 8094.4 cells/cmm) with highly sig-
niﬁcant variance between PNL count of empyema and that of
other groups p< 0.001 (Table 7).
There was a strong, inverse, statistically highly signiﬁcant
correlation between pH and total PNL count (r= 0.807
and p< 0.001) (Tables 9 and 11) and there was also a power-
ful statistically highly signiﬁcant correlation between pH and
pleural ﬂuid glucose, while there was a positive powerful statis-
tically highly signiﬁcant correlation between PCO2 and WBCs,
PNL, LDH, and protein.
This agrees with the study done by Housten [21]who stated
that a pleural ﬂuid glucose level below 60 mg/dl and a lactic
dehydrogenase level over 1000 IU/dl in conjunction with adifferential cells with pleural ﬂuid protein, LDH and glucose in
Lymphocytes number pH PCO2
0.087 1 0.813**
0.526 <0.001**
0.249 0.813** 1
0.067 <0.001**
0.024 0.829** 0.675**
0.860 ,0.001** <0.001**
0.080 0.549* 0.222
0.560 0.046* 0.103
0.289* 0.837** 0.741**
0.032* <0.001** <0.001**
Table 10 Correlation between pleural ﬂuid pH, pCO2, WBCs and its differential cells with pleural ﬂuid protein, LDH and glucose in
transudative effusions:
Total WBC’s PNL number Lymphocytes number PH PCO2
pH r 0.586* 0.787** 0.099 1 0.599**
p 0.021* <0.001** 0.626 <0.001**
pCO2 r 0.661
* 0.559** 0.269 0.599** 1
p <0.001** <0.001** 0.083 <0.001**
LDH r 0.802** 0.891** 0.039 0.853** 0.651**
p <0.001** <0.001** 0.860 <0.001** <0.001**
Glucose r 0.359* 0.344 0.190 0.601 0.321
p 0.047* 0.071 0.630 0.05 0.103
Protein r 0.810** 0.751** 0.279* 0.825** 0.698**
p <0.001** <0.001** 0.021* <0.001** <0.001**
This table shows a strong inverse correlation between pleural ﬂuid pCO2 and pH, this means that as pCO2 increases, pH decreases. There is also
a strong inverse correlation between pH and WBC number, there is also a strong inverse correlation between pH and PNL number, this means
that as PNL number decreases, pH increases, there is a very weak correlation between pH and lymphocyte number, there is a weak correlation
between PCO2 and lymphocytes and glucose respectively.
Table 11 Correlation between pleural ﬂuid pH, PCO2, WBCs and its differential cells with pleural ﬂuid protein, LDH and glucose in
Empyema.
Total WBC’s PNL number Lymphocytes number PH PCO2
pH r 0.781** 0.919** 0.101 1 0.791**
p <0.001** <0.001** 0.611 <0.001**
pCO2 r 0.734
** 0.713** 0.350 0.791** 1
p <0.001** <0.001** 0.082 <0.001**
LDH r 0.839** 0.812** 0.080 0.840** 0.703**
p <0.001** <0.001** 0.790 <0.001** <0.001**
Glucose r 0.370* 0.291 0.079 0.600* 0.520*
p 0.047* 0.073 0.597 0.05* 0.045*
Protein r 0.861** 0.792** 0.305* 0.796** 0.649**
p <0.001** <0.001** 0.041* <0.001** <0.001**
Table 12 Correlation between pleural ﬂuid pH, PCO2, WBCs and its differential cells with pleural ﬂuid protein, LDH and glucose in
Tuberculous effusion.
Total WBC’s PNL number Lymphocytes number pH pCO2
pH r 0.685** 0.579 0.530* 1 0.813**
p <0.001** <0.541 0.031* <0.001**
pCO2 r 0.722
** 0.729** 0.661* 0.813** 1
p <0.001** <0.001** 0.041* <0.001**
LDH r 0.859** 0.946** 0.030 0.829** 0.666**
p <0.001** <0.001** 0.850 <0.001** <0.001**
Glucose r 0.301* 0.261 0.110 0.549* 0.213
p 0.0437* 0.075 0.505 0.46* 0.119
Protein r 0.811** 0.699** 0.319* 0.837** 0.697**
p <0.001** <0.001** 0.049* <0.001** <0.001**
This table shows a strong inverse correlation between pleural ﬂuid pCO2 and pH, this means that as PCO2 increases, PH decreases. There is also
a strong inverse correlation between pH and total WBC number, Lymphocyte number, LDH and protein, there is also a strong correlation
between pH and pleural ﬂuid glucose, there is also a strong correlation between pCO2 and total WBC number, PNL number, Lymphocytes
LDH and protein, while there is a weak inverse correlation between pCO2 and pleural ﬂuid glucose.
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Table 13 Correlation between pleural ﬂuid pH, PCO2, WBCs and its differential cells with pleural ﬂuid protein, LDH and glucose in
malignant effusion.
Total WBC’s PNL number Lymphocytes number pH pCO2
pH r 0.599** 0.898** 0.099 1 0.901**
p <0.001** <0.001** 0.606 <0.001**
pCO2 r 0.696
** 0.762** 0.329 0.901** 1
p <0.001** <0.001** 0.077 <0.001**
LDH r 0.899** 0.905** 0.054 0.719** 0.771**
p <0.001** <0.001** 0.798 <0.001** <0.001**
Glucose r 0.389* 0.311 0.190 0.581* 0. 321
p 0.005* 0.070 0.680 <0.001** 0.190
Protein r 0.801** 0.699** 0.390* 0.860** 0.227**
p <0.001** <0.001** 0.043* <0.001** <0.001**
This table shows a very strong inverse correlation between pleural ﬂuid pH and pCO2, also this table shows a strong inverse correlation between
pleural ﬂuid pH and WBC number, also shows a strong correlation between pleural ﬂuid pH and PNL also there is a strong inverse correlation
between pleural ﬂuid pH and LDH and a strong correlation between pleural ﬂuid pCO2 and LDH.
Table 14 Correlation between pleural ﬂuid pH, PCO2, WBCs and its differential cells with pleural ﬂuid protein, LDH and glucose in
postpleurodesis malignant effusion.
Total WBC’s PNL number Lymphocytes number pH pCO2
pH r 0.788** 0.822** 0.509* 1 0.771**
p <0.001** <0.001** 0.022* <0.001**
pCO2 r 0.651
** 0.592** 0.255 0.771** 1
p <0.001** <0.001** 0.059 <0.001**
LDH r 0.871** 0.928** 0.069 0.890** 0.661**
p <0.001** <0.001** 0.798 <0.001** <0.001**
Glucose r 0.302* 0.244 0.070 0.630* 0. 301
p 0.201* 0.068 0.571 <0.047* 0.210
Protein r 0.711** 0.699** 0.325* 0.901** 0. 650**
p <0.001** <0.001** 0.037* <0.001** <0.001**
This table shows a very strong inverse correlation between pleural ﬂuid pH and PCO2, also it shows a very strong inverse correlation between
pH and WBC, while a strong correlation with Lymphocytes and there is a strong correlation between pCO2 and WBC, and a strong correlation
with PNL.
Table 15 Correlation between pleural ﬂuid pH, pCO2, WBCs and its differential cells with pleural ﬂuid protein, LDH and glucose in
postpleurodesis hepatic effusions.
Total WBC’s PNL number Lymphocytes Number pH pCO2
pH r 0. 880** 0.397 0.250 1 0.698**
p <0.001** 0.561** 0.561 <0.001**
pCO2 r 0.599
** 0.249 0.341 0.698** 1
p <0.001** 0.405 0.110 ,0.001**
LDH r 0.372 0.351 0.050 0.870** 0.599
p 0.299 0.154 0.790 <0.001** 0.198
Glucose r 0.336 0.360 0.089 0.611* 0. 448
p 0.320 0.072 0.610 <0.013* 0.198
Protein r 0.599 0.466 0.212 0.801** 0. 482
p <0.454 0.098 0.346 <0.001** 0.053
This table shows a very strong inverse correlation between pleural ﬂuid pH and pCO2, also this table shows strong inverse correlation between
pH and WBC, LDH protein respectively, also there is a strong correlation between pCO2 and WBC.
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with a strong correlation between them (see Tables 12–15).Summary
The diagnosis of pleural effusion is very difﬁcult, and it can
result from a very wide range of disease processes. However,
in about 20% of the cases the effusions remain undiagnosed
after the initial evaluation (Light) [22].
Trying to evaluate the role of PH, PCO2 and WBC and its
differential cells of pleural ﬂuid in the diagnosis of pleural effu-
sion, this study was conducted on 50 patients with pleural effu-
sions of different causes. The patients were classiﬁed into 5
groups according to the cause.
For all the patients measurement of pleural pH, pCO2, pO2,
HCO3, protein, LDH, glucose and WBC was done.
The lowest pH was observed in complicated parapneu-
monic effusion (empyema) 6.80 ± 0.15 and the highest pH
was observed in transudative effusion 7.47 ± 0.07.
Tuberculous effusion has pH lower than pH of malignant
effusion 7.17 ± 0.017 and 7.39 ± 0.08, respectively. Post pleu-
rodesis malignant effusion has pH lower than pH of malignant
effusion 7.28 ± 0.17 and 7.39 ± 0.08, respectively.
There is a strong inverse correlation between pH and pCO2,
WBC, LDH and protein (r= 0.813 and p< 0.001),
(r= 0.796 and p, 0.001), (r= 0.829 and p, 0.001) and
(r= .837 and p, 0.001), respectively while there is a weak
correlation between pH and glucose of pleural ﬂuid
(r= 0.249 and p= 0.066). The highest increase of PNL num-
bers was in empyema (20,169 ± 8094.8 cells/cc). The highest
increase of lymphocytes was in malignant effusions
(4285.00 ± 2948.20 cells/cc ) and tuberculous effusion
(3977.7 ± 3169 cells/cc).Conclusion
pH of the pleural ﬂuid may be important in its diagnosis as in
complicated parapneumonic effusion (empyema) pH is <7,
and pH differentiates between malignant effusion and tubercu-
lous effusion as when possibility of tuberculous and malignant
effusion exists, pH below 7.30 is highly suggestive of tubercu-
losis while a pH greater than 7.30 is highly suggestive of
malignancy.
Changes in pH, pCO2, pO2, HCO3 and glucose levels in
pleural ﬂuid depend on total WBC number in the pleural ﬂuid
and the presence of healthy pleura.
Healthy pleura is present with transudative effusion also in
malignant effusion there are areas of healthy pleura beside the
inﬁltrated areas which permits free gas exchange so pH, pCO2,
pO2, HCO3 and glucose are near normal.
But with empyema and tuberculous effusion there is diffuse
inﬂammation besides high number of WBC which leads to
decrease of pH.
In postpleurodesis effusion of malignant cause has pH
lower than that of malignant effusion in spite of lower WBC
than malignant effusion due to diffuse ﬁbrosis after
pleurodesis.
Empyema has the highest number of WBC in studied
groups with predominance of PNL. While malignant and
tuberculous effusions have predominance of lymphocytes.Our suggestion is that the change in pH, CO2, O2 depends
on the presence of healthy pleura rather than the type of the
disease. The number of the cells in effusion depends on the
presence of inﬂammation or ﬁbrosis.
Recommendations
 Pleural ﬂuid pH, pCO2, and WBC should not be done as
a routine investigation to every case of pleural effusion.
 This study has to be done on a large number of patients
and in two groups of pleural effusion.
 This study has to be done on effusion due to other dis-
eases as collagen diseases and pulmonary embolism.
 Do Correlation between thoracoscopic ﬁnding and per-
centage of healthy pleura and (diffuse inﬂammation or
patchy inﬁltration with malignancy or pleural ﬁbrosis)
with pleural ﬂuid gases.
Conﬂict of interest
There is no conﬂict of interest in this conducted study.
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